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TIEvfE VARIATION OF THE DISTANCE SEPARATING BOMB AND 
DIVE BOMBER SUBSEQUENT TO BOMB RELEASE 
By Charles W. Mathews 
A s tudy  has been made of  t h e  v a r i a t i o n  of  t h e  d is tance  separa t ing  
bomb and a i r c r a f t  with time a f t e r  r e l e a s e  as appl ied  t o  dive-bombing 
opera t ions ,  Separat ion d i s t ances  determined from t h i s  s tudy  a r e  pre- 
sented  i n  terms o f  two va r i ab les  only, dive angle  and maximum a i r p l a n e  
accelerometer reading; t h e  values of sepa ra t ion  d i s t ance  include t h e  
e f f e c t s  of  de lay  i n  i n i t i a t i o n  of t h e  pul l -out  and l a g  i n  a t ta inment  
of t h e  maximum normal acce le ra t ion .  
INTRODUCTION 
A s tudy  has been made of t h e  r e l a t i v e  f l i g h t  paths of bomb and 
a i r c r a f t  i n  dive bombing opera t ions .  The r e s u l t s  provide values of  
sepa ra t ion  d i s t ance  which account f o r  the  condi t ions  t h a t  t h e  pul l -out  
i s  i n i t i a t e d  some time a f t e r  t h e  bomb is re leased  and t h a t  the  maximum 
a c c e l e r a t i o n  of t h e  a i rp lane  is not  a t t a i n e d  ins tantaneously  on i n i t i a -  
t i o n  of  the  pul l -out ,  The r e s u l t s  of  the  ca lcu la t ions  inc luding these '  
f a c t o r s  a r e  presented he re in  a s  a  s i n g l e  c h a r t  from which the  separa t ion  
d i s t ance  may be determined a s  a  funct ion  of  t h e  dive angle and t h e  
maximum normal a c c e l e r a t i o n  a t t a i n e d  i n  the  pul l -out .  
METHOD OF ANALYSIS 
The bas ic  assumptions used i n  the  present  ana lys i s  a re :  
(1) The pul l -out  is a  v e r t i c a l  plane naneuver, 
(2 )  The r e l a t i v e  a c c e l e r a t i o n  between a i r p l a n e  and bomb p a r a l l e l  
t o  t h e  o r i g i n a l  dive path can be neglected.  
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(3)  For the  magnitudes of separat ion of i n t e r e s t  the  angular 
devia t ion of a i rp lane  and bomb paths from the  o r i g i n a l  path  is only 
moderate (say l e s s  than 30°). With t h i s  assumption the  acce le ra t ion  
be-tween a i rp lane  and bomb perpendicular t o  the  o r i g i n a l  path  may be 
approximated with s u f f i c i e n t  accuracy by t he  accelerometer reading i n  
t h e  a i rp lane .  
The general  approach and assumptions a r e  f e l t  t o  be as r e a l i s t i c  a s  
poss ible  i n  the  absence of a  knowledge of the  b a l l i s t i c  cha r ac t e r i s t i c s  
of the  bomb. Some implications of these  assumptions w i l l  be discussed 
subsequently. The e f f e c t  of the  e a r t h r s  g r av i t a t i ona l  f i e l d  on the  
path  of the  a i rp lane  does not have t o  be considered i n  the  computations 
of separat ion dis tance  because g r av i t a t i ona l  accelera t ions  a r e  t he  same 
f o r  both a i rp lane  and bomb. 
On the  bas i s  of the  preceding considerat ions the  separat ion 
dis tance  f o r  reasonably s m a l l  times a f t e r  bomb re lease  can be calcu- 
l a t e d  from a  double in tegra t ion  (from the  time the  bomb is re leased)  
of t he  reading of a  normal accelerometer located i n  the  a i rp lane ,  This 
in tegra t ion  may be expressed a n a l y t i c a l l y  i n  the  general  form 
where 
S separat ion dis tance  between a i rp lane  and bomb, f t  
V r e l a t i v e  ve loc i t y  between a i rp lane  and bomb, f t / s ec  
g  g r av i t a t i ona l  accelera t ion,  32.2 f t / s ec2  
n ( t >  accelerometer reading, g  un i t s  
t time, sec  
The subscr ip t s  ind ica te  p a r t i c u l a r  times a t  which the  q-..xntities a r e  
determined. The r e l a t i v e  ve loc i t y  a t  any given time can be determined 
by t he  general  expression: 
C om I D E N T I A L  
Since t h e  , sepa ra t ion  d i s t ance  and r e l a t i v e  v e l o c i t y  between a i r -  
plane and bomb a r e  zero a t  r e l e a s e ,  t h e  separa t ion  a t  the  time t h e  p u l l -  
out  is  i n i t i a t e d  a s  given by equation (1) is: 
and 
where 
d  time delay  between bomb r e l e a s e  and i n i t i a t i o n  of  pull-out ,  
s ec  
Y dive angle,  deg from hor izon ta l  
A s tudy  of time h i s t o r i e s  of  dive pul l -outs  i n  a c t u a l  a i r p l a n e s  
ind ica tes  t h a t  the  v a r i a t i o n  o f  a i r p l a n e  normal a c c e l e r a t i o n  between 
t h e  i n i t i a t i o n  of  t h e  pul l -out  and the  at tainment o f  the  maximum 
a c c e l e r a t i o n  can be adequately approximated as s inuso ida l .  This type 
of  v a r i a t i o n  is given by the  expression:  
where 
% maximum accelerometer reading a t t a i n e d  i n  pul l -out  i n  g  u n i t s  
t m time a t  which maximum a c c e l e r a t i o n  i s  i n i t i a l l y  a t t a i n e d  
This  assumed v a r i a t i o n  of  n ( t )  with time is presented i n  f i g u r e  1, 
S u b s t i t u t i n g  equations ( 3 ) ,  (4 ) ,  and (5 )  i n  equation (1) and per- 
forming t h e  indica ted  i n t e g r a t i o n s  gives the  fol lowing expression f o r  
sepa ra t ion  d is tance  f o r  t h e  i n t e r v a l  td 7 t b: 
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2 cos y Adding and sub t rac t ing  (t  - td) -3 from equation (6)  and 
L 
rearranging enables the  separat ion dis tance  t o  be expressed i n  t he  
following simpler form: 
where 
The term An, gives the  separat ion dis tance  i n  a v e r t i c a l  dive. The 
second term is  i n  a s i m i l a ~  form and gives the  e f f e c t  of dive angle,  
A t  t he  time the  maximum normal acce le ra t ion  is  i n i t i a l l y  a t t a i ned  \ 
the  separat ion distance becomes: [ + t+ - AtJcos St, = & Ahnm 
where 
The r e l a t i v e  ve loc i ty  between a i rp lane  and bomb a t  tm may be determined 
by subs t i t u t i ng  equations ( 4 )  and (5) i n  equation (2 ) ,  which gives: 
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I f  equation ( 5 )  is applied f o r  t > b, the  normal acce le ra t ion  
w i l l  decrease because of nature of the  cosine type var ia t ion  assumed, 
This va r ia t ion  is shown by the  curve labeled A i n  f igure  1, Since 
equation (7) incorporates equation ( 5 ) ,  the  separat ion dis tance  calcu- 
l a t e d  from equation (7) w i l l  r e f l e c t  t h i s  acce le ra t ion  var ia t ion.  I f  
the  maximum acce le ra t ion  is assumed t o  be maintained f o r  t > t, 
(curve B i n  f i g .  l), the  expression f o r  separat ion dis tance  fo r  t > t, 
can be determined by subs t i t u t i on  of equation ( 8 ) ,  equation (9 ) ,  and 
t he  value n ( t )  = nm i n  equation (1 )  giving the  expression: 
where 
Data on dive pull-outs show a r a the r  wide var ia t ion  i n  the  time 
i n t e r v a l  between bomb re lease  and at tainment of the  maximum nonnal 
acce le ra t ion ,  A previous .study which was not  reported suggested a 
value of 5 sec  nds as a reasonable conservative value f o r  t h i s  time 2 ..&-.- in te rva l .  ~he~%Xreau  of Aeronautics has concurred t h a t  t h i s  value is I 
l og i ca l  and has suggested a value f o r  t he  time delay between re lease  
of the  bomb and i n i t i a t i o n  of t he  pul l -out  of 1 second. These values 
f o r  t, and t d  were used t o  ca lcu la te  separat ion distances a s  a 
funct ion of nm and cos Y through use of equations (3 ) ,  (7) ,  (8), 
and ( l o ) ,  The p a r t s  of t he  separat ion dis tance  determined by nm and 
by cos y were evaluated separa te ly  and a r e  defined here in  as Snm 
and Scos A point  worth not ing is t h a t ,  although Scos is not  
dependent on nm, it is dependent on the  type of acce le ra t ion  var ia t ion  
assumed and a l s o  on the  assumed values of t d  and t,. 
RESULTS AND DISCUSS I O N  
The parameters Snm and Scos y a r e  p lo t t ed  agains t  nm and 
cos Y, respect ively ,  i n  f igure  2 f o r  various times from bomb re lease ,  
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The t o t a l  separat ion distance is given by: 
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Since t he  a c t u a l  va r ia t ion  i n  normal accelera t ion which would occur 
beyond tn, is somewhat i n  question, separat ion distances fo r  t > 
have been calcula ted and a r e  presented i n  f igure  2 by using both equa- 
t i o n  (7) and equation (10) which correspond t o  the accelera t ion var ia-  
t i ons  given by curve A and curve B i n  f igure  1, respectively.  A com- 
parison of r e s u l t s  obtained from the  two assumed var ia t ions  i n  
accelera t ion shows t h a t  up t o  9 seconds from bomb re lease  the  d i f f e r -  
ences i n  estimated separation distance a r e  small, t he  maximum d i f f e r -  
ence being about 10 percent. Calculations obtained by using equation (7) 
should be l imi ted t o  times l e s s  than (2tm - td) because t he  var ia t ions  
i n  accelera t ion beyond t h i s  time would be d e f i n i t e l y  i l l og i ca l .  I n  
any case use of f igure  2 should be l imi ted t o  conditions where the  
separat ion distance i s  l e s s  than about 20 percent of the  distance 
covered along t h e  path a f t e r  bomb re lease  because under some conditions 
a separat ion distance grea te r  than t h i s  percentage would r e s u l t  i n  
exceeding t he  30' l imi ta t ion  on the  angular deviation of the  a i rplane 
from i t s  o r i g ina l  path, This l imi ta t ion  i s  necessary because of the  
assumptions made i n  the  ana lys i s ,  The distance traversed along the  
path i s  given with s u f f i c i e n t  accuracy by: 
where 
S~ dis tance a i rplane t r ave l s  along i t s  path a f t e r  bomb re lease ,  f t  
V r airspeed a t  re lease  of bomb, f t / s ec  
As mentioned previously t he  present calcula t ions  neglect  t he  separa- 
t i o n  r e su l t i ng  from any r e l a t i v e  accelera t ion which may occur p a r a l l e l  
t o  t h e  o r i g 3 ~ ~ 1  path of t h e  a i rplane,  For high r a t i o s  of bomb drag 
t.o weight and/or low dive angles, the  bomb w i l l  have rearward accelera- 
t i o n  with respect  t o  the  a i rplane;  while fo r  low r a t i o s  of bomb drag t o  
weight and/or high dive angles, the  bomb w i l l  have forward accelera t ion 
with respect  t o  t he  a i rp lane ,  I n  order t o  invest igate  the  e f f e c t  of 
these  accelera t ions ,  separation distances were calculated f o r  the  case 
of an a i rplane i n  a 60° dive a t  a speed of 300 knots re leas ing a bomb 
f o r  which the  drag was negl igible  compared t o  i t s  weight, These separa- 
t i o n  distances a r e  compared i n  f igure  3 with those obtained by t he  
method used herein,  For the  case of the  bomb having no drag the  separa- 
t i o n  distance a t  1 secocd from re lease  i s  8 f e e t  g rea te r  than t h a t  
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and bomb i s  assumed and is  145 f e e t  g rea te r  a t  5 seconds from re lease ,  
s The ac tua l  separation distance w i l l  depend on the  bomb drag but w i l l  
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usual ly  l i e  i n  between t he  two curves shown i n  f igure  3, The present 
iea method of ca lcu la t ing  t he  separat ion distance appears adequate i n  
€2 e absence of bowledge of t he  bomb drag because it w i l l  always est imate 
a separat ion distance which c lo se ly  approximates the  smallest  t h a t  can 
be encountered regardless of t he  drag. 
CONCLUSIONS 
The time var ia t ion  of separat ion dis tance between a bomb and a 
dive bomber a f t e r  bomb re lease  have been calcula ted.  The calcula t ions  
include the  e f f ec t s  of delay i n  i n i t i a t i o n  of the  pull-out  and l a g  i n  
attainment of the  maximum a i rp lane  accelera t ion.  The following con- 
clusions per ta in  t o  the r e s u l t s  of t h i s  analysis :  
1, The separation may be adequately defined i n  terms of two 
var iables  only, t he  tr,aximum accelera t ion experienced by the  a i rp lane  
i n  the  pull-out and the  dive angle provided t he  time delay i n  i n i t i a -  
t i o n  of the  pull-out  and the  time t o  a t t a i n  maximum accelera t ion a r e  
specif ied,  
2, The r e s u l t s  obtained herein  should be l imited t o  use where the  
separat ion distance is l e s s  than about 20 percent of the  distance the  
a i rp lane  covers along i t s  path a f t e r  bomb re lease ,  
3. For the  times from bomb re lease  of i n t e r e s t  the  var ia t ion  i n  
normal accelera t ion a f t e r  the  maximum value has been a t t a ined  does 
not g r ea t l y  a f f ec t  the separation distance.  
4. The present method of analysis  w i l l  est imate a separat ion 
distance which c lose ly  approximates the  smal les t  t ha t  can be encountered 
regardless of t he  bomb drag. 
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Figure  2. - V a r i a t i o n  o f  s e p a r a t i o n  d i s t a n c e  w i t h  maximum normal a c c e l e r -  
a t i o n  and cos ine  o f  t h e  d ive  ang le  f o r  va r ious  t imes from r e l e a s e .  
td = 1 second; tm = 5 seconds. 
I - Zero bomb drag I - Zero relative accelerat /on / 
Figure 3.- Comparison of the va r ia t ion  of separat ion distance with time 
f o r  the  case of zero r e l a t i v e  accelera t ion between a i rp lane  and bomb 
p a r a l l e l  t o  the  dive path (assumed here in )  with t h a t  f o r  the  case of 
zero bomb drag. 7 = 60°; n, = 4g; V = 300 knots, 
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